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Jovian Protons and Electrons; Pioneer 11 


In this paper we present a preliminary account of the Pioneer 
11 passage through the Jovian magnetosphere as viewed by the particle 
detector systems of the Goddard Space Flight Center and the University 
of New Hampshire. The detector systems and their operation have been 

1 , 2,3 

previously described. In this brief note, we will restrict our 

comments almost entirely to the region well within the Jovian magneto^ 

sphere using data from the LET-II telescope. This detector system 

measures the proton flux from 0.2 to 21.2 MeV in seven energy inter^ 

vals and electrons from 0.1 to 2 MeV in four intervals. It is well 

2 

shielded, has a small geometric factor (-015 cm -ster) and has an 

7 2 

extended dynamic range allowing flux measurements to '^^3 x 10 /cm -sec. 
Representative electron and proton rates (up to "^2 MeV) are sampled 
over eight angular sectors to study particle anisotropies. 

In a previous Pioneer 10 paper^ we had described the Jovian 
magnetosphere in terms of certain characteristic regions: the region 

outside the magnetosphere where large fluxes of MeV electrons, and pro- 
tons are observed to be coming from the magnetosphere; the outer Jo- 


vian magnetosphere extending from bow shock crossings to R ^ , a 

region of quasi-trapping and diffusion; a transition region between "^50 


and '^^25 - e.g., between the outer diffusion zone and the region 

where the magnetic field rigidly rotates with the planet; and the re- 


gion inside "^25 Rj which Is the really stable trapping region. 


is a tentative morphology and is similar to that advanced by the other 

4 , 5 , 6 , 7, 8 

Pioneer 10 particle experimenters. The topology of this 


magnetosphere which emerges from the results of the particle, magnetic 
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field,® and plasma^® measurements is very complicated. One has a 
rapidly-rotating, giant magnetosphere which is easily deformed; where 
the physics is often dominated by a hot plasma inferred but not directly 
measured by Pioneer; where the offset and tilted magnetic ifleld re- 
sults in a complicated, floppy motion of the magnetic field and the 
particles within it; and where Pioneer 10 results showed quite a 
different character for this magnetosphere inbound on the sun side, as 
opposed to the outboimd trajectory near the dawn meridian where the 
electrons and protons were much more concentrated near the equator. 

On Pioneer 10, increases of low-energy Jovian electrons (0.2- 
8 MeV) were observed more than 1 AU away from Jupiter. * On Pioneer 11 

these increases were first observed in January, 1974, when the space- 

craft was ^^2 AU from the planet. These electron increases persisted 
over >5-day periods and tended to recur at 27-day intervals. Further- 
more, during the first half of 1974, many of these electron increases 
were readily detected at 1 AU by a more sensitive detector on IMP-VII. 

Due to space limitations, these observations will be published else- 
where. They further confirm that the quiet-time electron increases 
previously observed at 1 AU are, indeed, of Jovian origin. They 
suggest a rather stable interplanetary magnetic field configuration 
exists over this period with Jupiter and the Earth periodically being 
close to the same magnetic field lines. 

Figure 1 gives an overview of the Pioneer 11 encounter with the 

Jovian magnetosphere for low-energy protons and electrons. Seen more 

clearly with our higher-energy detectors, electrons are commonly ob- 
served outside the magnetosphere. However, it is evident from this 
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figure that large fluxes of low-energy protons also exists observed 
well outside the magnetosphere • On Pioneer 10, low-energy protons were 
first observed only within a few Jupiter radii of the magnetopause. 

Here they are present for days in advance of crossing into the magneto- 
sphere. This is not unexpected, since the outer Jovian magneto- 
sphere is filled with unstably trapped protons and electrons. The 
continual presence of low-energy solar protons masks the detection of 
Jovian protons at large distances from the planet. 

It is helpful at this point to discuss the relative trajectories 
of Pioneer 10 and 11. An introductory paper describes the Pioneer 
encounter trajectories as viewed in Jovian local time. Pioneer 10 
was on a prograde trajectory, approached Jupiter from a direction 
approximately 30® west of the sun, circled the planet in a counter- 
clockwise direction, and exited towards the dawn meridian. Pioneer 
11 approached Jupiter from the dawn side, circled the planet clockwise, 
and exited at high latitudes towards the direction of the Sun. In 
a simplified view, the inbound trajectory of Pioneer 11 near Jupiter 
was through the same region of the magnetosphere that Pioneer 10 tra- 
versed outbound. Indeed, the clear 10-hour periodicities and large 
peak-to-valley ratios seen on Pioneer 11 between 50 and 20 in- 
bound is quite similar to that measured outbound on Pioneer 10. Simi- 
larly, the data from Pioneer 10 inbound and Pioneer 11 outbound are 
qualitatively similar in terms of spectra, angular distributions, and 
time variations, although the measured flvixes here are consistently 
much less than those found on Pioneer 10 at lower latitudes. Pioneer 
11 measurements in the inner, high-flux region produced verification of 
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the Pioneer 10 results, as well as Important new information, and 
will be discussed in detail later in this paper. 

It is apparent from Figure 1 that the low-energy proton spectra 
changed little between the magnetopause and ^10 Ky A detailed spec- 
tral analysis using data from both the LET-II and LET--I telescopes. 
(100 KeV to 21.2 MeV) shows the same general hardening of the spectrum 
as seen on Pioneer 10, as one moves from the magnetopause into the 
central trapping retion. However, the spectra measured on Pioneer 11 
are always described by a single power law with index varying slowly 
from ^^^4 to ^3 as we penetrate the magnetosphere. This is in contrast 
to the inbound Pioneer 10 results closer to the magnetic equator, 
where the spectra inside '^►0 could not he described by a simple 
power law* 

In order to understand the effects measured in the inner core 
region of the magnetosphere, the "wiggle diagrams" shovm in Figure 2 
are most useful. Note that in this inner region of the magneto- 
sphere, the Pioneer 10 and 11 measurements are directly comparable 
only at two points, both near L = 12. From ^2000 on December 2 to 
M)130 on December 3, Pioneer 11 was on L shells ^12 while moving 
from 13^ to 44® south magnetic latitude. Then while remaining at 
essentially constant magnetic latitude. Pioneer 11 traversed L shells 
down to L = 3.4 at M3445 when it passed through '•40® magnetic lati-- 
tude on its way to the equator one hour later. 

It is of interest to examine in detail the low-energy nucleon 
component as shown in Figure 3. On Pioneer 11 the 14.8-21.2 MeV 
protons were found only inside 15 R ^ , while on Pioneer 10 substantial 
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fluxes were first seen at ''jAO and a monotonic increase was found 
inside '^26 R^. This is quite consistent, however, in view of the 
point made earlier that Pioneer 11 approached Jupiter from the dawn 
side, and Pioneer 10 found these higher-energy protons only inside 
'^20 R on the dawn side. The Pioneer 11 outbound fluxes go to zero 

■ j 

beyond 20 R^, but the spacecraft was at very high latitudes. Pioneer 
10 and 11 data comparisons for both proton energy intervals at '^-1930 
and '^2200 (Pll) show good agreement. 

Decreases of a factor of '^3.6 in the 14.8—21.2 MeV protons, were 
noted both times when crossing the orbit of lo, quite similar to the 
effects noted on Pioneer 10. Much larger lo effects were seen in the 
1. 2-2.1 MeV interval. Small but significant decreases are noted very 
close to the times of crossing of Amalthea's orbit, as predicted by 
the 0^ model of Jupiter's magnetic field. In contrast to Pioneer 
10, no substantial effects were seen on Pioneer 11 while crossing L 
shells appropriate to Europe^ 

A major feature is noted in the Pioneer 11 data at L 1*9, 
where a large, sharp peak in the proton flux occurs. 

The solid curve shown in Figure 3 for the 14.8 to 21*2 MeV protons 
reflects the actual count rates measured while the dashed curve re- 
flects our best estimate of the true fluxes. Saturation of the involved 
anticoincidence rates were limiting further increase in the 14,8-21,2 
MeV logical rates- Qualitatively, there are very large fluxes in the 
nucleonic component at the location at or near the magnetic equator 

and the peak fluxes including low-energy alpha particles could be 

6 2 

up to a factor of 3 higher than those estimated (^xlO p/cm sec) . 
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For similar reasons, the large peak shown in the 1. 2-2.1 MeV protons 
is highly suspected to contain many events which should have been 
logically rejected. 

One of the most interesting results from Pioneer 10 was the 
discovery that lo was able to almost completely remove the lower- 
energy (1.2— 2.1 MeV) protons.^ Inbound, more than 99% of the protons 
in this energy interval were removed in the L region which lo occu- 
pies. This factor of MOO drop compares with a factor of '\^60 noted 
with Pioneer 10 data; but Pioneer 11 was at magnetic latitudes above 
40° and the larger effect there is in agreement with predictions. ^ 

Figure 4 shows the count rate data for 1.2 to 2.1 MeV protons 
for Pioneer 10 and 11 vs . L for the model.® Angular distributions 
measured on the spacecraft at the same times are shown at the indi- 
cated L locations. The magnetic latitude (D 2 ) is also indicated peri- 
odically, as well as the predicted regions occupied by Europa and lo. 
The fit of the data for the removal of particles at lo is fair, but 
lacks to the extent that on both Pxoneer 10 and 11 count rates were 
dropping appreciably at times substantially after the innermost L 
shell predicted to be swept by lo. The fit to the model at lo 
appears to be much better than for the 0^ model inbound at lo, 
however, No substantial removal of protons while passing through 
Europa 's orbit is apparent from the Pioneer 11 data. 


The Pioneer 10 angular distributions have already been discussed, 
but the Pioneer 11 angular distributions, together with calculations 
(0^) from Pioneer 11 magnetic field data,^® lead to considerably more 
xnslght into these magnetospheric phenomena. Outside L 10 , the 
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Og model calculations^^ show that the loss cone was less than 5®., 
and increased rapidly up to '^30° as one came across lo's location, 
decreasing to very small values again as Pioneer 11 moved in and towards 
the equator. A similar and inverse effect occurred outbound. It seems 
quite clear that as the count rate levels off before reaching lo, we 
are observing the progressive loss of protons into the atmosphere 
due to the growing loss cone. The effect is even more pronounced 
at the count rate minimum inside lo. As Pioneer 11 moved inward 
further the loss cone rapidly shrunk, the fluxes rapidly increased, 
and the angular distribution moved towards a more isotropic distribu- 
tion. An analagous effect was seen moving outbound. The Pioneer 11 
data confirms our previous result that lo permits only ^^1% of the MeV 
protons to diffuse by its orbit. It also indicates that radial diffu- 
sion is the dominant acceleration process in this region for the low^ 
energy nucleons. 

In summary, the Pioneer 11 encounter with Jupiter produced most 
interesting comparisons, contrasts and new phenomena which will lead 
to a much better understanding of the Jovian magnetosphere. It is 
clear that Pioneer 11 was exposed to a much lower total radiation 
dose than Pioneer 10, largely as a result of the retrograde trajectory 
which approached and exited the inner region of the magnetosphere at 
high latitudes. Pioneer 11 has shown that a Jovian-orbiting satellite 
in a highly- in dined orbit could have a reasonable lifetime before 
radiation damage effects become a problem. This is most important 
because it could ultimately allow orbits through the magnetotail region 
where controlling phenomena probably occur- 
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Figure Captions 


Figure 1 - Fluxes are shown for protons (0.5 to 2.1 MeV and 1.2 to 

2.1 MeV) and electrons (0.1 to 2 MeV for the period Novem- 
ber 24 to December 8 , 1974) . The locations of crossing 
of the bow shock (B) and magnetopause (M) are noted. 

The relatively high background in this electron measurement 
from the LET-II telescope amounts to ^2 counts /sec due to 
gamma rays from the radioisotope power supply. 

Figure 2 - Projection of the trajectories of Pioneer 10 and 11 on a 

magnetic meridian plane of Jupiter based on the D2 model. ^ 
Note that the region sampled by Pioneer 10 was within ^20^ 
of the magnetic equator while Pioneer 11 was at much higher 
latitudes, usually above 40®. Beyond L 10 Rj, distor- 
tions are important, so the L = 20 trace is really an ideal- 
ization. 

Figure 3 - Flux profiles of 1. 2-2.1 MeV and 14.8 to 21.2 MeV protons 
measured in the inner, core region of the Jovian magneto- 
sphere by Pioneer 11. The locations of crossing of Amal- 
thea’s orbit from predictions of the O 3 model are shown. 

Figure 4 - Count rate data for the 1.2 to 2.1 MeV protons are shown for 
both Pioneer 10 and Pioneer 11 versus L calculated ' from the 
D 2 model of Jupiter's magnetic field. ^ The predicted re- 
gions of L to be swept by lo and Europa are shown. Angular 
distributions shown are summed in the experiment data system 
in eight 45® sectors of spin. The detector has a full fleld- 
of-view of 30®. The projection of the magnetic field vector 
on the sector plane is shown. 
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